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ABSTRACT
Binaries play key roles in determining stellar parameters and exploring stellar evolution models. We build
a catalog of 88 eclipsing binaries with spectroscopic information, taking advantage of observations from both
the Large Sky Area Multi-Object fiber Spectroscopic Telescope (LAMOST) and the Palomar Transient Factory
(PTF) surveys. A software pipeline is constructed to identify binary candidates by examining their light curves.
The orbital periods of binaries are derived from the Lomb-Scargle method. The key distinguishing features
of eclipsing binaries are recognized by a new filter Flat Test. We classify the eclipsing binaries by applying
Fourier analysis on the light curves. Among all the binary stars, 13 binaries are identified as eclipsing binaries
for the first time. The catalog contains information: position, primary eclipsing magnitude and time, eclipsing
depth, the number of photometry and radial velocity observations, largest radial velocity difference, binary type,
the effective temperature of observable star Teff, and surface gravity of observable star log g. The false-positive
probability is calculated by using both a Monte Carlo simulation and real data from the SDSS Stripe 82 Standard
Catalog. The binaries in the catalog are mostly with a period of less than one day. The period distribution shows
a 0.22-day cut-offwhich is consistent with the low probability of an eclipsing binary rotating with such a period.
Keywords: (stars:) binaries (including multiple): close — (stars:) binaries: eclipsing — (stars:) binaries: general
— (stars:) binaries: spectroscopic
1. INTRODUCTION
Binary systems, common in stars, play important roles in,
for example, determining stellar parameters, understanding
the evolution of stars, measuring distances and tracing black
hole candidates. Binaries usually appear as a single point in
images because of the distances involved. Some binary stars
can be identified from optical spectra (Campbell & Curtis
1905; Abt & Willmarth 2006) and are termed spectroscopic
binaries (SB). Among all the binary stars, a very small
fraction, closely aligned to the line of sight, are revealed
as eclipsing (Guinan & Engle 2006), the so-called eclips-
ing binaries (EB). They allow us to derive the fundamen-
tal stellar parameters such as mass, radius, and luminosity
(see Daniel et al. 1967; Andersen 1991; Wilson & Devinney
1971; Wilson 2012; Prša & Zwitter 2005; Prša et al. 2016).
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Thus, binary systems serve as testbeds for stellar evolution
theories (see Chabrier et al. 2007; Torres & Ribas 2002).
Eclipsing binaries with spectroscopic information are a
particularly powerful tool. They are used as a standard candle
to determine the distances to the Magellanic Clouds, the An-
dromeda Galaxy (M31) and the Triangulum Galaxy (M33)
(see Paczynski & Sasselov 1997; Paczynski & Pojmanski
2000; Guinan et al. 1998; Wyithe & Wilson 2001; Bonanos et al.
2006). Some EBs with both optical and X-ray observations
are identified as black hole candidates (see Liu et al. 2013,
2015; Casares et al. 2014).
After two centuries of observations, the EB sample has
now reached several hundred thousand. The beginning of
EB studies can be attributed to John Goodricke in 1783.
Herschel (1802) was the first to use the term "binary star"
for double stars. The term "spectroscopic binary" comes
from work by Edward (1889) and was used explicitly by
Vogel (1890). As a result of multiple research activities(e.g.,
Swope & Shapley 1938; Ferwerda 1943; Baade 1946), the
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size of the EB sample increased to several thousand. In the
past twenty years, due to the results from photometric mi-
crolensing surveys (e.g., EROS, Grison et al. 1995; MA-
CHO, Alcock, et al. 1997; OGLE, Udalski, et al. 1998,
Wyrzykowski et al. 2004; NSVS, Otero et al. 2004), the sam-
ple size grew rapidly to about 15,000. Paczyński et al. (2006)
then almost doubled the number by identifying and classify-
ing 11,076 eclipsing binaries from the All Sky Automated
Survey (ASAS). The work from Paczyński et al. (2006) is
particularly important because of their use of Fourier trans-
form in analyzing light curves. In this work, our analysis
uses the same Fourier technique. Kepler space mission iden-
tified 2165 EBs with precise light curves (Prša et al. 2011;
Matijevič et al. 2012). Soszyński et al. (2016) published a
list of over 450,000 eclipsing binary candidates toward the
Galactic bulge in OGLE survey.
EB catalogs with spectroscopic information are chal-
lenging to produce since the multiple spectroscopic ob-
servations required are highly time-consuming activities.
The first large sample of spectroscopic binaries was made
by Campbell & Curtis (1905). The ninth edition of this
sample was published in (Pourbaix et al. 2004), extending
the number of spectroscopic binaries to 2386. Catalogs
of solar-type spectroscopic stars (e.g., Abt & Levy 1975;
Duquennoy & Mayor 1991; Raghavan et al. 2010) increased
the total number of spectroscopic binaries by a few hundred.
Among all the binary star observations, the EBs with spec-
troscopic information, providing the most comprehensive
constraints on the binary parameters, are still rare.
This paper describes a catalog of spectroscopic and eclips-
ing binaries from the Large Sky Area Multi-Observation fiber
Spectroscopic Telescope (LAMOST) survey and the Palomar
Transient Factory (PTF) data. The combination of a very
large number of spectra and photometry light curves enables
us to systematically study binary systems (Gao et al. 2014;
Kao et al. 2016). Spectra tell us more about the observable
stars, while the light curves are used to determine the or-
bital properties of the transit system. We utilize "Flat Test"
method on the light curves to remove contamination by vari-
able stars such as Cepheid and RR Lyrae stars.
Our catalog contains 88 spectroscopic and eclipsing bina-
ries, among which 13 EBs are newly identified. The sources
in the catalog all have good quality light curves. The catalog
contains orbital parameters, as well as the stellar parameters
of the observable companion. Some parameters like effective
temperature of observable star Teff , surface gravity of observ-
able star log g help to constrain the evolution of binary stars.
The binaries in the catalog show the 0.22 day cut-off in pe-
riod distribution which supports the rareness of binary stars
rotating with such a period.
The paper is organized as follows. In section 2, we briefly
describe the survey data. The binaries selection algorithm
and the catalog are presented in section 3. In section 4, we
assess our catalog and discuss the 0.22 day cut-off in the or-
bital period distribution. In section 5, we give a summary.
2. THE DATA USED FROM LAMOST AND PTF
The catalog is established from the survey products of
LAMOST and PTF. We use LAMOST to derive stellar pa-
rameters and the radial velocity of the observable star. PTF
data is used to obtain the orbital period and morphological
features of the light curve.
2.1. LAMOST Data
LAMOST (Large Sky Area Multi-Object fiber Spectro-
scopic Telescope) employs the Guo Shou Jing Telescope
which is a 4 meter aperture Schmidt telescope with a 20
square degree field of view. Taking 4000 spectra per ex-
posure, the limiting magnitude is r = 17.8 at resolution R
∼ 1800 (see overview: Zhao et al. 2012; Cui et al. 2012).
The survey contains two parts: the LAMOST Extra Galac-
tic Survey (LEGAS) and the LAMOST Experiment for
Galactic Understanding and Exploration (LEGUE) survey
(Deng et al. 2012).
Spectroscopic binaries can be classified if the spectral lines
from both companions are visible (a double-lined spectro-
scopic binary) or if the spectral lines from only one star
are detectable (a single-lined spectroscopic binary) (e.g.,
Matijevič et al. 2010, 2011). The identification of double-
lined spectroscopic binaries in LAMOST spectra is generally
difficult due to limited spectral resolution (R∼ 1800, equiva-
lent to ∼150 km s−1) unless the radial velocities or the spec-
tral types of the component stars are significantly different
(for example, white dwarf-main sequence binaries, Ren et al.
2014). The forthcoming LAMOST-II medium-resolution
spectroscopic survey (MRS, Zhang et al. 2019) with resolu-
tion increased to R∼ 7500 will assist in identification. Work
is in progress on searching for single-lined and double-lined
spectroscopic binaries by modeling spectra (Zhang et al. in
prep.). In this research, we identify binary stars via eclipsing
and significant radial velocity differences of the same compo-
nent in multi epoch observations. All the systems identified
are regarded as single-lined spectroscopic binaries.
Xiang et al. (2017) released the fourth edition of the value-
added catalog of the LAMOST Spectroscopic Survey of the
Galactic Anticenter (LSS-GAC DR4). LSS-GAC is a major
part of the LEGUE project. The catalog contains more than
3 million stars down to a limiting magnitude of r ∼ 17.8 mag,
centered on the Galactic anticentre (|b| ≤ 30◦, 150≤ l ≤ 210◦).
The stellar parameters are derived by a pipeline based on
minimum chi-square template matching (LSP3; Xiang et al.
2015). The radial velocity (RV, center shifts of the spectra
lines) and stellar atmospheric parameters (effective tempera-
ture Teff, surface gravity log g, metallicity) are the free pa-
rameters of the template fitting.
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We chose sources with multi-epoch observations in LSS-
GAC DR4, requiring ∆RVmax (the difference between the
highest and smallest RV values of the same component of
a given target) to be 2 times larger than the largest radial ve-
locity error. The typical spectral signal-to-noise ratio (SNR)
is > 10. The radial velocity precision is about a few km s−1
(Xiang et al. 2017). This procedure helped us select 128,833
objects with 421,436 observations. The number of observa-
tions are shown in Figure 1. Those large RV variation stars
could be binary systems, or variable stars such as RR Lyrae,
etc. We then cross matched these candidates with the PTF
data.
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Figure 1. The number of observations of LAMOST targets.
2.2. PTF Data
The Palomar Transient Factory (PTF) employs an 8 square
degree camera installed on the 48 inch Samuel Oschin tele-
scope. A 60-inch telescope is used for following-up observa-
tions. The survey aims at time-domain events with cadences
from 90 seconds to a few days (Law et al. 2009; Rau et al.
2009). With exposure time of 60 seconds, the PTF 5σ limit-
ing magnitude is mg′ ∼ 21.3 and mR ∼ 20.6. The PTF collab-
oration released more than 8 billion light curve tables prior
to Sep.1 2016.
To select a radius for cross-matching, we randomly chose
100,000 non-variable stars in the SDSS stripe 82 Standard
Catalog (Ivezić et al. 2007). The position difference between
SDSS and PTF is used to validate the PTF astrometry preci-
sion (see Figure 2). The sharp decrease in cross-match radius
occurs at 2 arcsecs. Considering the uncertainty of LAMOST
astrometry, we took 3 arcsecs to be the cross-match radius
between the PTF and LAMOST data.
We also randomly chose 105 sources in the SDSS Stripe
82 Standard Catalog to evaluate the photometry precision of
PTF multi-epoch observations. We used the magnitude stan-
dard deviation of the standard stars as the statistical error of
PTF photometry (see Figure 2). The magnitude standard de-
viation is less than 0.1 in the magnitude range 14 to 20 which
is the magnitude range for our work.
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Figure 2. PTF Astrometry and Photometry precision. Upper panel:
the astrometry precision. The x-axis is the position difference for
the same source between SDSS and PTF. The y-axis is the matched
number at certain position difference. Lower panel: the photome-
try precision. The x-axis is magnitude while the y-axis is the mag
standard deviation. The red line indicates the median value of the
magnitude error.
The sources selected from the LAMOST data were
matched to the PTF light curve data base1. 39,179 stars with
2,784,673 observation frames, requiring the goodflag=1,
were retrieved both in g
′
and R band. The tag "goodflag"
ensures the quality of the photometry in PTF. We analyzed
these sources in our binary systems identification pipeline.
3. THE CATALOG OF SPECTROSCOPIC AND
ECLIPSING BINARIES
3.1. Finding Binaries
Our method of finding binaries is built into our software
pipeline and involves two steps. The first is the Lomb-
Scargle periodogram (Lomb 1976; VanderPlas & Ivezić
2015; VanderPlas et al. 2012) which searches for the orbital
period. The second is the Flat Test developed by us which
removes artifacts as well as contamination from other vari-
able stars. In addition, every light curve is subject to a visual
inspection to assure the purity of the sample.
We applied the Lomb-Scargle periodogram for PTF data
to search for significant periods. The significant period is
1 https://irsa.ipac.caltech.edu/cgi-bin/Gator/nph-dd
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Figure 3. The period power distribution. Upper: power distribution
of all the periods. Lower: power distribution of the period from 0 to
3 day. The vertical lines show the period gathering at 1 day, and the
harmonic periods at 0.25 and 0.5 day.
identified as the period at peak intensity if the peak is higher
than a level predicted by false positive probability. The peak
here we applied is an optimized peak using the method from
VanderPlas et al. (2012). The optimization is a two-step grid
peak searching. First, it searches a broad grid for some can-
didates and then zooms in using a narrower grid to find the
best estimation of the period peak. This method avoids pos-
sible false peak detections due to binning. The real peak is
sometimes smoothed to be smaller when the binning size is
too large. A solitary peak is treated as improbable if a clump
of peaks appears when reducing the binning size. The period
finding process is illustrated in Figure 4.
The false positive probability we applied contains two
parts. The first is the false alarm probability reported by
Lomb (1976). We required the evidence level of 99.99%.
The second is based on the statistical properties of the peri-
odogram. The threshold is defined as the 3σ excess to the
median value of the power spectral density. The period must
simultaneously satisfy both parts of the false probability to
be accepted as a significant period.
Then we put all the sources’ periodograms together (in Fig-
ure 3) to remove artifact signals. The orbital periods signifi-
cantly cluster at 1 day and its harmonic periods such as 0.25
or 0.5 day, because of the alternation between night and day
for the ground-based telescope. We rejected sources if the
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Figure 4. The period finding process, using LPSEB2 as an example.
The upper left-hand panel has the largest bin size. The upper right
panel has the bin size reduced by a factor of 10 and the lower-left
by a further factor 10. The lower right panel shows the light curve
folded with the optimized period. The upper left panel has the same
bin size as used in Figures 7 and 10. The red dashed line indicates
the optimized period which is half of the orbital period. The inten-
sity of the real peak is weak in the upper left panel. Reducing the
bin sizes reshapes the peak intensity with the real peak becoming
stronger and surrounded by a clump of peaks. The final reduction
in bin size in the lower-left panel does not significantly change the
intensity distribution.
most evident power is within 0.05 day of 1 day. We found
a long timescale power excess (in Figure 3), which was due
to the difficulty with long-time calibration. We accept only
orbital periods between 0.01 to 10 day. After following these
procedures, we were left with 275 variable sources with si-
nusoidal periods.
These variable sources were then analyzed using the Flat
Test method we have developed which is a filter for investi-
gating the characteristics of a light curve. For the close binary
eclipsing systems we were interested in, the systems should
be highly orbitally circularized (Hurley et al. 2002). In most
cases, the binary systems have a shorter phase at eclipse than
out of eclipse. Outliers appear among a few overcontact sys-
tems like some RR Centauri (Yang et al. 2005), which might
be missed by our detection. Over an orbit, tangential velocity
can be taken as a sinusoidal function over time. Radial ve-
locity which is orthogonal to the tangential velocity is more
commonly used since it can be calculated from the spectra
of the binary. A typical light curve and the associated radial
velocity curve are shown in Figure 5.
The light curves of eclipsing binaries should be flatter at
the top than at the bottom, which enables them to be distin-
guished from the RRc Lyrae variable stars(Kallrath, & Milone
2009). RRc Lyrae stars sometimes have a symmetrical, si-
nusoidal light curve, unlike Cepheid and RRa, RRb Lyrae.
Moreover, the RR Lyrae stars have a typical radial velocity
amplitude of about 30km/s to 50km/s, which locates at a sim-
ilar place as EBs in the RV distribution. The Flat Test helps
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Figure 5. Upper: orbital morphology of EB systems, the circles
indicate two components. Middle: The simulated radial velocity
of the observable star. Lower: the light curve of the EB system,
LPSEB71. The presented RV curve corresponds to the component
marked with the darker circle.
us remove such periodic light curves which are not binary
systems.
In applying the Flat Test, we calculated the local average
magnitude (Magave) along the direction of the transit phase.
We compared the gradients of Magave around the maximum
and minimum of the light curve. The gradient here is de-
fined as the difference between Magave in the transit-phase
length of 0.2 and the transit-phase length of 0.1. We defined
a threshold to help us assess whether the source is an eclips-
ing binary or not. The threshold was set in such a way that the
gradient around the maximum phase should be 2 times larger
than the gradient at the minimum phase. After applying the
Flat Test, 178 out of 275 sources were eliminated leaving us
with 97 candidates. Light curves with a significant period but
rejected by Flat Test are shown in Figure 6.
The light curves of our 97 candidates from our pipeline
were subjected to visual inspections of the amplitude and
shape of the curves. The amplitude of the light curve is
modulated by eclipsing and ellipsoidal variations, limb dark-
ening, reflection and beam effects(see Jackson et al. 2012;
Mazeh & Faigler 2010). The first two should make the light
curve reveal two similar maxima and two minima in one or-
bit. In contrast, the reflection and beam effects should ap-
pear only once in one orbit. In our sample, eclipsing and
ellipsoidal modulations dominated the variation of the light,
so we expected two maxima and minima in the folded light
curve. 88 binary systems are left as our final sample.
The shapes of the light curves can be classified into three
types: contact (EC), semi-detached (ESD) and detached (ED)
binaries (Paczyński et al. 2006; Matijevič et al. 2012). The
light curves of EC and ESD types are continuously varying,
while ED type is almost flat-topped. The EC binary having
a deep common envelope, also known as "W UMa", tends
to cause a more ellipsoidal light curve with (but not always)
similar eclipsing depths. The contact is not strong enough in
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Figure 6. Three folded light curves rejected by Flat Test. The bot-
tom one is a binary light curve accepted by Flat Test, shown for
contrast.
ESD: components can still have different temperatures with
eclipse depths usually being different, and light curves ap-
pearing sharper near eclipse. The light curves of eclipsing
binaries should match one of the three types on visual in-
spection.
In addition, a classification of the binary sample was
performed using a Fourier transform of the light curves
(Rucinski 1993, 1997). The maximum flux of light curves is
normalized to be 1. The major eclipse was shifted to phase
θ=0.25. Then the light curve (l(θ)) is transformed into 11
components: l(θ)=
∑10
0 aicos(2πiθ). The coefficients a2 and a4
are especially sensitive for classification. Using the empiri-
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cal distribution of coefficients from Paczyński et al. (2006),
we classify our binaries sample as shown in Table 1.
3.2. Properties of the Derived Catalog
We now describe our catalog and the properties of the bina-
ries within it. Each system has been given a unique identifier
of the form LPSEBX (refer to "LAMOST & PTF Spectro-
scopic and Eclipsing Binaries") where X is our identification.
In the catalog (see Table 1), we provide RA (column 2) in de-
grees, declination (column 3) in degrees, primary eclipsing
magnitude (column 4), primary eclipsing mid-day (Eclmid,
column 5), primary eclipsing depth (column 6), orbital pe-
riod (column 7) in days, number of photometric observations
(Numphot, column 8), largest radial velocity difference (col-
umn 9), number of spectroscopic observations (Numspec, col-
umn 10), binary type (column 11), observational band (col-
umn 12; 1=g
′
, 2=R), the effective temperature of the observ-
able star Teff (columns 13) in Kelvin, and surface gravity of
observable star log g (column 14). The top 13 rows show the
newly identified eclipsing binaries.
Table 1. LPSEB catalog.The timestamp of radial velocity is taken from LAMOST data release 7 (http://dr7.lamost.org/v1/search) when not
presented in LSS-GAC. The second observation of LPSEB21, LPSEB66 still misses the information of timestamp after the supplement that we
abandon all the information in that epoch.
ID RA Declination Magmax Eclmid Ecldepth Period Numphot ∆RVmax Numspec Type Band Teff log g
deg deg mjd mag day km s−1 K cgs
LPSEB1 111.405 26.749 14.07 56281.259416 0.62 0.33 44 64 3 EC 2 5753.1 4.2
LPSEB2 1.222 39.236 14.15 56244.209892 0.80 0.43 72 19 2 ESD 1 5692.4 4.2
LPSEB3 108.699 27.831 13.89 56281.456397 0.41 0.39 55 27 2 ESD 2 6257.7 4.2
LPSEB4 115.256 20.332 14.24 56281.418748 0.52 0.37 117 27 2 ESD 2 6011.2 4.0
LPSEB5 101.707 59.360 13.00 56267.655751 0.29 0.44 38 83 3 ESD 2 5784.4 4.4
LPSEB6 116.317 18.073 15.96 56663.360043 0.59 0.37 149 83 2 EC 2 6134.5 4.3
LPSEB7 116.611 18.012 15.72 55180.570289 0.57 0.37 188 33 2 ESD 2 5557.6 3.8
LPSEB8 203.086 35.480 14.24 54903.754973 0.13 1.14 315 36 2 EC 2 7249.5 3.9
LPSEB9 1.368 44.458 15.30 56903.401158 0.38 0.47 60 37 2 ESD 1 7699.8 3.9
LPSEB10 71.979 16.744 14.08 55445.599193 0.33 0.34 31 40 2 ESD 2 5844.7 3.9
LPSEB11 114.532 19.665 15.45 56281.339489 0.38 0.47 58 100 3 ESD 2 7261.9 4.0
LPSEB12 115.331 22.351 15.23 56281.234100 0.84 0.29 109 46 2 ESD 2 5568.1 4.1
LPSEB13 191.932 31.921 15.09 54964.537554 0.09 0.79 211 54 3 EC 1 7328.3 4.1
LPSEB14 47.187 40.434 14.87 56301.405627 0.37 0.44 33 115 2 ESD 2 7128.0 4.1
LPSEB15 114.907 20.351 13.45 56281.336666 0.53 0.40 116 49 6 ESD 2 5753.4 3.9
LPSEB16 118.565 19.181 14.01 56663.267514 0.46 0.41 154 51 3 ESD 2 6215.9 4.3
LPSEB17 42.864 31.001 14.94 55889.333756 0.53 0.56 29 51 2 ESD 2 7781.1 4.0
LPSEB18 181.380 23.028 13.79 55002.176900 0.16 1.10 33 51 3 ESD 2 6377.2 3.9
LPSEB19 43.534 26.999 14.51 55419.423323 0.86 0.31 67 124 3 ESD 2 5640.5 3.6
LPSEB20 234.732 4.484 14.88 55417.168838 0.43 0.36 104 55 2 ESD 2 6532.6 4.3
LPSEB21 118.024 38.319 14.41 55889.677648 0.23 0.55 40 0 1 ESD 2 6666.5 4.1
LPSEB22 116.912 22.304 14.24 56281.340582 0.20 0.47 117 57 5 ESD 2 7262.5 3.8
LPSEB23 113.777 50.813 13.64 55880.694541 0.39 0.42 53 57 2 ESD 1 7247.3 4.0
LPSEB24 248.511 56.371 14.28 54961.330909 0.76 0.26 106 131 2 EC 1 5133.5 4.3
LPSEB25 188.007 35.500 13.23 54903.623583 0.75 0.31 101 57 4 ESD 2 5399.8 3.8
LPSEB26 35.066 24.674 14.04 55053.642630 0.27 0.51 56 59 2 ESD 2 7667.5 3.8
LPSEB27 350.398 5.570 15.10 55007.538635 0.16 0.68 36 60 3 ESD 2 6442.3 4.1
LPSEB28 337.216 6.878 14.94 55007.459400 0.35 0.37 48 60 5 ESD 2 6552.1 4.3
LPSEB29 3.613 40.348 13.37 56244.216749 0.96 0.48 71 64 10 ESD 1 6279.2 4.4
LPSEB30 117.410 20.933 14.55 56281.307494 0.49 0.37 99 13 3 EC 2 5568.5 4.2
LPSEB31 20.297 27.493 14.73 55058.637609 0.79 0.32 89 14 2 ESD 2 5766.5 4.1
LPSEB32 116.744 22.747 13.52 55931.215038 0.98 0.22 365 66 4 EC 2 4616.7 4.6
LPSEB33 111.745 38.808 13.68 56229.613596 0.71 0.30 51 67 2 ESD 2 5069.2 4.1
Continued on next page
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Table 1 – Continued from previous page
ID RA Declination Magmax Eclmid Ecldepth Period Numphot ∆RVmax Numspec Type Band Teff log g
deg deg mjd mag day km s−1 K cgs
LPSEB34 215.131 47.978 14.45 54962.304145 0.46 0.24 95 16 2 ESD 2 4688.5 4.6
LPSEB35 240.184 43.145 13.23 54957.191639 0.75 0.25 111 67 2 ESD 2 5145.9 4.1
LPSEB36 116.864 22.647 15.01 55931.204753 0.84 0.28 369 17 2 EC 2 5532.0 3.9
LPSEB37 114.315 20.401 13.18 56281.349946 0.62 0.45 111 161 4 ESD 2 6267.5 4.5
LPSEB38 139.061 16.257 12.15 55954.260757 0.80 0.40 76 161 4 ESD 2 7200.7 4.1
LPSEB39 135.520 52.575 13.82 54905.415970 0.56 0.41 67 21 2 ESD 2 6234.3 3.7
LPSEB40 142.889 10.765 14.38 55324.315394 0.68 0.25 67 22 2 ESD 2 5384.7 3.4
LPSEB41 242.588 19.036 14.40 54982.317626 0.51 0.25 248 22 2 EC 2 5179.2 4.1
LPSEB42 117.242 38.626 14.07 55889.416055 0.32 0.53 49 171 3 ESD 2 7210.8 4.1
LPSEB43 13.320 42.534 15.24 55213.131300 1.01 0.46 112 75 3 ESD 1 7540.0 3.7
LPSEB44 116.784 28.116 14.36 54907.235921 1.06 0.35 149 41 3 ESD 2 5701.5 3.9
LPSEB45 113.266 19.829 14.51 56281.426007 0.51 0.39 58 25 2 ESD 2 5882.2 4.2
LPSEB46 149.922 11.733 13.96 56708.151000 0.62 0.31 86 77 2 ESD 2 4777.0 4.5
LPSEB47 102.948 59.447 12.26 56267.562676 0.54 0.47 51 77 6 ESD 2 5896.5 4.2
LPSEB48 115.525 19.358 14.43 56663.157707 0.53 0.37 147 27 3 EC 2 6474.0 4.2
LPSEB49 31.102 6.471 14.79 55402.486390 0.37 0.42 36 27 2 ESD 2 6570.0 4.3
LPSEB50 116.537 20.529 14.10 56281.234100 0.31 0.51 113 28 2 EC 2 6043.7 4.0
LPSEB51 115.312 18.024 16.05 56663.158787 0.75 0.31 155 79 4 EC 2 5649.9 4.3
LPSEB52 127.808 19.831 15.57 55229.348204 0.90 0.26 300 79 2 EC 2 5177.9 3.8
LPSEB53 20.221 26.528 14.11 55058.544450 0.25 0.42 52 29 3 ESD 2 6552.1 4.1
LPSEB54 18.955 32.020 14.95 55059.510558 0.65 0.42 69 29 2 ESD 1 7155.1 4.2
LPSEB55 174.022 43.071 16.30 55143.498277 0.80 0.30 116 29 2 ESD 2 5093.2 4.0
LPSEB56 236.158 5.445 14.53 56077.352920 0.46 0.29 51 81 2 ESD 2 5631.0 3.5
LPSEB57 234.123 39.936 13.88 54963.242886 0.63 0.32 87 30 2 ESD 2 5285.3 4.0
LPSEB58 204.162 34.313 13.69 54903.536745 0.94 0.28 299 201 3 EC 2 5681.1 4.4
LPSEB59 115.849 24.314 13.42 55931.170118 0.85 0.38 332 30 3 EC 2 6089.6 4.2
LPSEB60 120.919 16.446 14.85 55168.362149 0.81 0.37 72 30 4 ESD 2 5723.8 3.5
LPSEB61 114.987 39.081 15.96 55889.495410 0.66 0.45 52 84 3 ESD 2 6522.6 4.7
LPSEB62 183.024 55.746 14.24 54961.269211 0.62 0.34 113 32 2 EC 2 5325.8 4.1
LPSEB63 130.034 20.338 15.00 55229.235087 1.02 0.27 937 32 2 EC 2 4286.3 2.1
LPSEB64 51.317 38.059 15.07 56301.511701 0.37 0.36 31 32 2 ESD 2 6173.9 4.4
LPSEB65 114.604 20.146 15.36 56281.320422 0.38 0.35 58 33 4 ESD 2 5898.5 4.2
LPSEB66 125.032 21.746 13.90 54907.191682 1.07 0.31 525 0 1 EC 1 5462.4 3.8
LPSEB67 165.364 44.264 15.28 55975.488397 0.47 0.26 51 34 2 ESD 2 5133.3 3.8
LPSEB68 0.614 41.160 16.30 56244.096200 0.48 0.35 67 36 2 ESD 1 6501.0 4.2
LPSEB69 109.364 28.651 14.69 56281.617659 0.36 0.72 56 37 3 ESD 2 6906.6 3.6
LPSEB70 123.441 18.670 15.98 55903.513386 0.20 0.48 155 37 2 EC 2 7348.0 3.6
LPSEB71 359.536 41.724 15.86 56244.335775 0.43 0.48 62 37 2 ESD 1 6482.5 4.3
LPSEB72 186.290 49.392 14.49 54962.274686 0.79 0.31 73 38 2 ESD 2 5614.1 3.9
LPSEB73 114.266 24.448 13.76 54904.203500 0.57 0.64 47 39 2 ESD 2 7268.4 4.1
LPSEB74 120.487 16.503 13.99 54907.260025 1.05 0.43 229 98 4 ESD 1 5923.8 4.0
LPSEB75 3.501 38.696 13.93 56244.328989 0.38 0.47 63 40 15 ESD 1 6346.9 4.6
LPSEB76 191.362 27.768 15.52 54903.616144 0.57 0.38 207 40 2 EC 1 5867.0 4.0
LPSEB77 122.059 18.826 14.62 55168.565600 0.34 0.25 95 41 2 EC 2 4339.6 4.8
LPSEB78 221.328 35.468 13.88 54903.487314 0.87 0.34 165 41 2 EC 1 5806.5 4.3
LPSEB79 118.970 14.147 14.83 55168.357706 0.61 0.42 40 49 2 ESD 2 7632.2 4.0
Continued on next page
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Table 1 – Continued from previous page
ID RA Declination Magmax Eclmid Ecldepth Period Numphot ∆RVmax Numspec Type Band Teff log g
deg deg mjd mag day km s−1 K cgs
LPSEB80 123.735 21.152 12.84 55939.276800 0.59 0.41 109 44 2 ESD 2 5772.6 4.7
LPSEB81 115.691 19.995 13.68 56663.364301 0.34 0.78 145 44 2 EC 2 5769.5 3.6
LPSEB82 45.636 19.494 14.79 55419.511872 0.34 0.31 44 44 5 ESD 2 5196.6 4.4
LPSEB83 16.162 33.557 16.50 55058.589472 0.45 0.33 146 44 2 EC 1 6473.9 4.2
LPSEB84 139.317 16.326 14.17 55954.248251 0.54 0.35 80 46 3 ESD 2 5873.2 4.0
LPSEB85 118.040 21.110 14.45 56663.339884 0.70 0.61 83 46 2 ESD 2 6433.9 4.3
LPSEB86 209.106 4.330 15.54 55022.334781 0.52 0.25 64 47 2 ESD 2 5263.8 4.1
LPSEB87 21.555 18.012 14.64 55447.405146 0.31 0.34 266 8 2 EC 2 5944.9 4.3
LPSEB88 178.992 33.944 14.89 54903.467600 0.38 0.32 66 48 2 ESD 2 6656.6 4.1
The EB parameters were derived from different ap-
proaches. The maximum magnitude and eclipsing depth
are estimated from the folded light curve. The orbital period
is twice the peak period in the Lomb-Scargle periodogram.
The folded light curves show high consistency when we fold
the light curves at 2 times the peak period. The temperature
and log g are taken from LSS-GAC (Xiang et al. 2017).
From examining the literature and the SIMBAD database,
75 of our sources have been previously identified as EBs.
Among them, 3 sources are classified as β type which is
equivalent to our classification ESD type. The 3 β type sys-
tems’ Lomb-Scargle periodograms, their folded light curves,
and the RV measurements with the same ephemeris as the
light curve are shown in Figure 7, as an example. We also
present 3 newly discovered EB in Figure 7. The full version
of the plots is presented in supplementary material, Figure
10.
The folded light curves present the accuracy of the pe-
riod finding method. The method derives the optimized
peak rather than a solitary, highest peak, e.g., in the case of
LPSEB2, LPSEB9, LPSEB69 (as shown in Fig. 7, 10). The
intensity of the real peaks is smoothed to be smaller due to
the binning in these cases. The real peak surrounded by a
clump of peaks appears once the binning size is reduced. We
test the precision of the period by checking the folded light
curves with period offsets. The result implies period preci-
sion at the level of 1 percent for PTF light curves.
4. DISCUSSION
4.1. Simulation Tests on Binary Detection Method
To estimate the false positive probability of our software
pipeline, we performed a Monte Carlo simulation. We firstly
built a mock catalog with no binaries nor any pulsators. In
order to be as close to the real PTF data as possible, the mock
light curves come from shuffling the real PTF data. The lu-
minosities were shuffled with a random time shift. Thus any
structure in the light curves is removed but the observational
features remain.
We then add some light curves of known variable sources.
The basic shapes of light curve are taken from the General
Catalogue of Variable Stars (Samus’ et al. 2017), including
Cepheids, RR Lyrae (including a, b, and c types). The time
of the light curve is in the phase unit. The light curves are
then extended in real-time based on period. The period is
taken randomly according to the period distribution of the
pulsators. The time baseline and sampling rate should be as
close to PTF data as possible. We applied the baseline of
50-100 days and random sampling with an average rate of 1
day per data set, depending on the empirical knowledge of
the PTF sampling from our data and descriptions from litera-
ture (Law et al. 2009; Rau et al. 2009). A random photomet-
ric observational noise was added according to the relation
shown in Figure 2. We added 4000 pulsating light curves of
variable stars into the mock catalog.
Following the above procedure, we created ten mock cat-
alogs and ran them through our pipeline. Two parameters
were monitored: the number of sources with the period from
Lomb-Scargle and the number of sources accepted by the
Flat Test.
The ratio of the average number of sources accepted by
Flat Test in mock data and the sample size indicates the
false detection rate of our pipeline. Combining the results
of the simulations, 35614 sources are identified with the pe-
riod from Lomb-Scargle. 249 of them got through the Flat
Test, the total number of the mock sources is 391790. The
false detection rate is then 0.06% (249/(391790+4000×10)).
The parameters in every simulation were shown in Figure 8.
Additionally, we applied the pipeline to 10000 stars from
stripe 82 standard star catalog, among which 5818 stars were
retrieved from PTF data. The result showed 11 sources were
with a period while 2 of them were wrongly accepted by the
Flat Test. The false detection rate is ∼0.03%(2/5818), similar
to the simulation test.
The sample is not statistically complete due to the sam-
pling strategies of LAMOST and PTF. In the detection pro-
cedure, the Lomb-Scargle false positive probability threshold
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Figure 7. The periodograms (left column) and folded light curves (right column) of the three EB type binaries (LPSEB25, LPSEB38, LPSEB46)
found in the literature and the SIMBAD database and three newly discovered binaries (LPSEB1, LPSEB2, LPSEB3). The inner subfigures show
a broader period range. The black dashed lines in the periodograms indicate the Lomb-Scargle false positive probability which is 3σ larger
than the median power spectral density. The red vertical lines indicate the optimized peak which is half of the orbital period. The highest peak
shown is possibly not the optimized peak. A solitary peak is treated as improbable if a clump of peaks appears when reducing the binning size.
The light curves are shifted to have a major eclipse at θ=0.25. The black point is the photometric brightness while red point presents the radial
velocity with the same ephemeris as the light curve.
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Figure 8. The results of the simulations. The solid line indicates the
number of sources with a period from Lomb-Scargle. The dashed
line indicates the number of sources accepted by the Flat Test.
we used was very strict. These strategies ensure the high pu-
rity of the catalog but reject some light curves with imperfect
sampling. A credeble simulation test of completeness would
be based on comprehensive simulated reproduction of PTF
data, especially the estimation of sampling rate and photom-
etry uncertainty. This is beyond the scope of this work. For
a simple test, 1000 light curves of semi-detached and con-
tact binaries were added into the mock catalog following the
procedure above. The light curves come from the 10 basic
shapes of binaries identified in Paczyński et al. (2006), using
the same simulated light curves creation method as described
above. 82% of them are detected by our pipeline. Addition-
ally, the detection rate significantly decreases when we try
with detached binaries, and depends on the phase of transit
duration.
4.2. Orbital Period Cut-Off around 0.22 day
Our sample contains eclipsing binary stars with spectro-
scopic information. We recognize a steep cut-off at ∼0.22
day in the orbital period distribution (see in Figure 9).
This cut-off has been known for at least the past two
decades (Rucinski 1992). Stepien (2006) argued that the
cut-off is because low mass binary systems may not have
enough time to fill the Roche Lobe. However, the existence
of ultra-short period binary systems (Soszyński et al. 2015)
challenges this model. Jiang et al. (2012) proposed that the
mass transfer for stars with initial primary masses lower than
0.63 M⊙ is so fast that it quickly leads to the common enve-
lope binary phase.
The theory of Jiang et al. (2012) could be proved if we
found very young binary systems with a short period such
as 1 day or less. Such young binaries lead to short-period bi-
naries with different periods at different phases of their evo-
lution. The predicted period distribution of the young short-
period binaries in the whole evolution phase without consid-
ering the duration of the evolution phase might not show the
valley at 0.22 day. Then, the rareness of the binary with a pe-
riod of 0.22 day should be due to the short-time existence in
the certain evolution phase. Every source in our catalog has
spectroscopic observations and so we could derive the age
of the binaries. Such follow-up work may shed light on our
understanding of low-mass binary evolution.
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Figure 9. The binary system orbital period distribution. The red
line indicates the distribution for the whole catalog while the blue
line is for the newly discovered EBs only.
5. SUMMARY
Based on LAMOST and PTF data, we present our LPSEB
catalog of eclipsing binary systems with both spectroscopic
and photometric information. We build a software pipeline to
find eclipsing binaries. The pipeline depends on the Lomb-
Scargle periodogram to find the period and a new Flat Test
filter to recognize the key distinguishing feature of EB light
curves. This pipeline is efficient in removing RR Lyrae con-
tamination during the EB identification.
For binary systems in the catalog, we provide photomet-
ric information and spectral information. The false positive
probability of the pipeline is estimated by Monte Carlo sim-
ulation as well as by real data from SDSS Stripe 82 Stan-
dard Catalog. Our sample shows the known cut-off at ∼0.22
day. Further studies can help constrain the evolution model
of low-mass binaries.
6. APPENDIX
6.1. RV observations for each system
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Table 2. RV observations. The Italic "jd" is taken from LAM-
OST data release 7 (http://dr7.lamost.org/v1/search) when not
presented in LSS-GAC. The second observation of LPSEB21,
LPSEB66 still misses the information of timestamp after the
supplement that we abandon all the information in that epoch.
.
ID Time(jd) RV (km s−1)
LPSEB1 2456228.398750 1.3
2456361.991065 -54.6
2456650.207662 9.6
LPSEB2 2456611.015058 -59.5
2456611.099259 -39.7
LPSEB3 2455903.234711 76.9
2457010.222593 49.0
LPSEB4 2456608.325324 11.2
2457005.220139 39.1
LPSEB5 2456321.062523 -75.8
2456590.350637 -21.2
2457464.993055 -104.4
LPSEB6 2456608.325324 -3.5
2457005.220139 80.4
LPSEB7 2456608.325324 54.8
2457005.220139 88.2
LPSEB8 2457107.217894 -36.4
2457146.139479 0.5
LPSEB9 2456984.952523 -34.0
2456985.022176 -71.1
LPSEB10 2456978.208380 -40.6
2457013.076609 0.0
LPSEB11 2456608.325324 18.1
2456983.319468 32.8
2457005.220139 -68.0
LPSEB12 2456608.325324 -14.2
2457005.220139 32.5
LPSEB13 2456428.071887 26.3
2457039.341748 38.5
2457071.272130 -16.4
LPSEB14 2456952.193310 -21.2
2457024.034537 94.2
LPSEB15 2456288.174248 62.7
2456288.201586 64.9
2456350.088762 48.0
2456350.115926 74.5
2456983.319468 24.6
2457005.220139 54.3
LPSEB16 2456608.325324 28.0
2456966.337755 59.5
2456966.403588 79.2
LPSEB17 2456266.073102 -87.4
2456652.053924 -35.9
Continued on next column
Table 2 – Continued from previous column
ID Time(jd) RV (km s−1)
LPSEB18 2456317.305613 4.5
2456317.386944 22.7
2456321.305914 -29.1
LPSEB19 2455939.010255 -40.9
2456308.961007 18.2
2456309.971285 84.0
LPSEB20 2457138.190498 11.4
2457167.146748 -43.7
LPSEB21 2457004.290000 -91.5
LPSEB22 2456230.391192 60.2
2456288.174248 16.4
2456600.361042 3.1
2456608.325324 3.4
2457005.286389 41.4
LPSEB23 2457053.122269 -42.4
2457055.126053 14.7
LPSEB24 2456412.328519 53.9
2456412.233947 -77.5
LPSEB25 2456306.373970 -20.9
2456346.250243 -15.1
2457033.415694 -0.7
2457038.354433 36.7
LPSEB26 2456570.246123 -82.2
2457327.152731 -22.5
LPSEB27 2456561.125995 -103.5
2456568.106019 -43.4
2457367.960416 -55.1
LPSEB28 2456231.967870 -18.6
2456231.999363 -3.0
2456243.974630 42.4
2456246.014225 -12.7
2457300.026227 -3.9
LPSEB29 2456611.015058 -39.6
2456611.099259 -6.0
2457285.151759 -70.2
2457285.182639 -51.9
2457285.197245 -58.9
2457285.166944 -65.9
2457285.261377 -29.1
2457285.211829 -51.7
2457285.246817 -21.2
2457285.232338 -35.3
LPSEB30 2456608.379560 28.4
2457005.220139 22.6
2457005.286389 14.7
LPSEB31 2456973.037049 -13.2
2457008.966817 -27.3
Continued on next column
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Table 2 – Continued from previous column
ID Time(jd) RV (km s−1)
LPSEB32 2456266.335799 16.9
2456608.379560 80.3
2457005.220139 83.0
2457005.286389 30.1
LPSEB33 2456625.340856 48.5
2457090.055000 -19.0
LPSEB34 2456362.343507 -56.2
2457096.301887 -39.5
LPSEB35 2456423.203299 -60.5
2456423.277188 7.5
LPSEB36 2457005.220139 -9.8
2457005.286389 7.6
LPSEB37 2456350.088762 74.0
2456350.115926 91.8
2456983.319468 -62.1
2457005.220139 -69.5
LPSEB38 2456326.160185 92.2
2456369.134132 -2.4
2456656.276146 -41.0
2456656.318993 -69.5
LPSEB39 2457003.302812 -69.5
2457391.266666 -48.1
LPSEB40 2455920.306134 9.4
2456287.293738 32.0
LPSEB41 2456700.394873 -14.7
2456780.213206 -37.5
LPSEB42 2457004.290000 71.8
2457025.185914 123.6
2457400.209722 -47.5
LPSEB43 2455840.221806 -39.3
2455863.102581 -39.6
2456267.991539 35.5
LPSEB44 2456239.385961 24.4
2456622.307581 57.4
2456687.145347 15.7
LPSEB45 2456983.319468 9.5
2457062.106655 35.0
LPSEB46 2456683.202292 -91.6
2457400.295833 -14.2
LPSEB47 2456317.109711 -56.2
2456317.136551 -50.6
2456321.088773 21.8
2456590.389039 -6.4
2456700.065810 -11.4
2456700.103750 4.7
LPSEB48 2456608.325324 43.4
2457005.220139 32.5
Continued on next column
Table 2 – Continued from previous column
ID Time(jd) RV (km s−1)
2457005.286389 60.0
LPSEB49 2456550.241447 23.2
2457280.262396 50.9
LPSEB50 2457005.220139 67.5
2457005.286389 95.8
LPSEB51 2456608.379560 108.0
2457005.220139 28.8
2457005.286389 37.4
2457042.183356 48.8
LPSEB52 2456980.341725 16.7
2457032.209016 96.2
LPSEB53 2456267.062245 20.8
2456956.183970 0.4
2456973.037049 -8.3
LPSEB54 2457025.946516 -24.6
2457360.079861 4.6
LPSEB55 2457020.380984 15.2
2457021.389699 44.7
LPSEB56 2456367.333484 -19.8
2457478.297916 61.4
LPSEB57 2456424.148125 -2.3
2456424.190313 -32.6
LPSEB58 2456321.351979 2.9
2456380.171863 -198.3
2456740.235671 -33.4
LPSEB59 2456266.335799 36.2
2456288.174248 23.7
2456385.024676 54.5
LPSEB60 2456966.337755 -35.9
2456966.403588 -27.4
2457378.243750 -58.2
2457378.309722 -46.2
LPSEB61 2456625.275637 -114.3
2457033.197188 -36.3
2457090.055000 -120.7
LPSEB62 2456316.331782 -40.6
2456752.096204 -8.0
LPSEB63 2456249.382593 14.5
2457063.147905 47.3
LPSEB64 2456952.193310 -1.1
2456975.125914 -34.0
LPSEB65 2456608.325324 4.6
2456983.319468 3.5
2457005.220139 -9.2
2457005.286389 24.1
LPSEB66 2456980.341725 -22.9
LPSEB67 2456637.387731 39.3
Continued on next column
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Table 2 – Continued from previous column
ID Time(jd) RV (km s−1)
2456665.343380 4.6
LPSEB68 2456984.952523 -91.6
2456985.022176 -54.8
LPSEB69 2456361.073252 87.5
2456692.069433 50.6
2457010.222593 87.8
LPSEB70 2456980.341725 19.2
2456990.327315 56.7
LPSEB71 2456984.952523 -118.2
2456985.022176 -156.1
LPSEB72 2455923.410914 -89.2
2457062.269606 -50.8
LPSEB73 2456384.998368 67.6
2456743.027083 107.0
LPSEB74 2456966.337755 48.5
2456966.403588 96.2
2457378.243750 -2.4
2457378.309722 41.6
LPSEB75 2456611.099259 -100.6
2456641.949792 -93.2
2457285.182639 -117.4
2457285.197245 -86.5
2457285.261377 -89.6
2457285.246817 -92.0
2457286.143044 -84.7
2457286.157789 -93.0
2457286.230972 -106.7
2457286.172431 -81.5
2457286.245822 -115.6
2457286.186956 -81.7
2457286.201493 -89.8
2457286.260486 -121.9
2457286.216088 -103.1
LPSEB76 2455953.336609 35.8
2456785.045231 -5.2
LPSEB77 2456966.337755 -53.0
2456990.327315 -11.3
LPSEB78 2456385.228322 19.9
2456385.308495 -21.9
LPSEB79 2457378.243750 109.0
2457378.309722 59.7
LPSEB80 2456640.320035 5.9
2456980.341725 50.3
LPSEB81 2456350.088762 31.5
2457005.220139 -13.2
LPSEB82 2457285.342755 51.6
2457286.332789 96.3
Continued on next column
Table 2 – Continued from previous column
ID Time(jd) RV (km s−1)
2457286.362176 87.8
2457286.347442 82.1
2457286.318148 84.9
LPSEB83 2457330.110463 -96.4
2457304.150313 -51.5
LPSEB84 2456326.160185 30.6
2456656.276146 -16.1
2456656.318993 -3.5
LPSEB85 2457005.220139 -7.7
2457005.286389 39.1
LPSEB86 2456392.183611 -25.1
2457439.365277 -72.8
LPSEB87 2456224.202720 -100.0
2456224.154884 -108.6
LPSEB88 2457015.367141 -69.5
2457389.402777 -21.5
6.2. Full Light Curves of Binaries
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Figure 10. The periodograms (left column) and folded light curves (right column) of all EB. The rows from top to bottom are LPSEB1 to
LPSEB88. The inner subfigure inside the left column shows a broader period range. The dashed line in the periodogram indicates the Lomb-
Scargle false positive probability. The red vertical lines indicate the optimized peak which is half of the orbital period. The highest peak shown
is possibly not the optimized peak. A solitary peak is treated as improbable if a clump of peaks appears when reducing the binning size. The
light curves are shifted to have a major eclipse at θ=0.25. The black points are the photometric brightness while red points present the radial
velocity with the same ephemeris as the light curve.
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Figure 10. (Continued)
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Matijevič, G., Zwitter, T., Bienaymé, O., et al. 2011, AJ, 141, 200
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